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SUMMARY 
Annealing o f  radiat ion damage has been observed f o r  the f i r s t  time in 
VPE-grown, 2- by 2-cm, n + / p / p +  GaAs shallow homojunction so lar  c e l l s .  
t r i c a l  performance of several c e l l s  was det  mined as a function of 1-MeV 
electron fluence in the range of t o  IOf5 e-/cm2 and as a tunction of 
thermal annealing time a t  various temperatures. Degradation of normalizeu 
power output a f t e r  a f luence of 1015 1-MeV 
24 t o  31 percent o f  i n i t i a l  maximum power. 
aegradation was limited t o  the range from 10 t o  19  percent of preirradiated 
values. Thermal annealing was carr ied o u t  in a flowing nitrogen gas ambient, 
w i t h  annealing temperatures spanning the range from 125O t o  200" C. Substan- 
t i a l  recovery of short  c i r c u i t  current was observed a t  tempertures as low as 
175" C.  In one case improvement by as much as 10 percent o f  the  post i r radi-  
cted value was observed. The key fea tures  of these c e l l s  are  t h e i r  extremely 
th in  erni t t e r  layers (approximately 0.05 urn) ,  the absence of any Al,Gal_,As 
passivating window layer,  and t h e i r  fabr icat ion by vapor pnase epitaxy. 
Elec- 
electrons/crr? ranged from a low of 
Normalizeu short  c i r c u i t  current 
INTRODUCTION 
The GaAs shallow homojunction so lar  c e l l  ( r e f s .  1 and 2 )  i s  a poten t ia l ly  
superior s t ruc ture  f o r  space applications.  Among the fea tures  of the  c e l l  
which contr ibuie  t o  such performance a re  (1) the extremely th in  (0.05 p m ) ,  
n i g h l y  aoped n emitter;  ( 2 )  absence of the AlxGal-xAs surface passivating 
layer; ana ( 3 )  incorporation of the p-type base and p+ back surface f i e l d  re- 
gion. The t h i n  n+ emitter assures t h a t  most of the electron hole p a i r s ,  
created by inciuent photons with energies greater  than the 1.43-eV bandgap of 
GaAs, a re  generated in the p-type base region of the c e l l .  Since electrons 
are  the minority c a r r i e r s  in the p-type base, minority c a r r i e r  diffusion 
lengths a re  expected t o  be greater  t h a n  i n  n-type material with the same uop- 
ing density; hence, col lect ion eff ic iency and resis tance t o  raa ia t ion  
carnage should be higher than in an equivalent p + / n / n +  s t ruc ture .  
The c e l l s  incorporated in t h i s  Study were fabricateu a t  the Lincoln Labo- 
ra tory ( r e f .  3) using the chloride t ransport  method of vapor phase epitaxy 
( V P E ) .  A l l  a r e  2 by 2 cm i n  t o t a l  area with anodic oxide an t i re f lec t ion  coat- 
ings anu e lectroplated t i n  f ron t  contacts.  
g o l d . +  A cross  section of the c e l l  s t r  
low n emitter i s  s l f u r  doped t o  5x1OY', while the p region dopant varied 
from 4x10I6 t o  6x10y7 cm3. 
Back contacts are  e lectroplatea 
t u r e  i s  shown in f igure  1. The shal- 
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KESlJLTS AND DISCUSSION 
I r r a d i a t i o n s  by 1-MeV e lec t rons  were conducted a t  room temperature us ing  
t h e  Lewis Research Center D namitron acce le ra to r  a t  f i v e  f luences ranging 
Charac te r i s t i cs  were determined a f t e r  each 
i r r a d i a t i o n  us ing a xenon arc  so la r  s imu la to r  w i t n  a f l i g h t - c a l i b r a t e d  GaAs 
reference c e l l  as a standard. S ix  c e l l s  were i r r a d i a t e d  i n  t h i s  study, these 
o r i g i n a l  e f f i c i e n c i e s  ranging f rom 13.6 t o  15.6 percent AMO. F igure  2 shows 
t h e  normalized s h o r t - c i r c u i t  c u r r e n t  as a f u n c t i o n  o f  l-MeV e l e c t r o n  f luence 
f o r  i t s  "best"  c e l l  ( t h a t  c e l l  showing minimum degradat ion a f t e r  e-/cm2 
f l uence) .  The s h o r t - c i r c u i t  c u r r e n t  was normal ized t o  p r e i r r a d i a t e d  values. 
Tne b t c 11 aegradea 10 percent,  the  worst  c e l l  19$percen t  a t  a f luence 
power degradat ion as a f u n c t i o n  o f  f luence i s  shown i n  f i g u r e  3. The best 
c e l l  here, t h e  sam c e l l  o f  f i g u r e  2, showed a degradat ion o f  24 percent  
a t  a f luence o f  10f5 e-/cm2. The worst  c e l l  degraded 31  percent  wh i l e  the 
average was 26.2 percent,  A s l i g h t  drop i n  f i l l  f a c t o r  was no t iced  i n  the  
c e l l s  when comparing p r e i r r a d i a t i o n  and p o s t i r r a a i a t i o n  values, al though the  
d i f f e rences  are ba re l y  ou ts ide  the  range of exper imental  e r r o r  (+1.0 - percent ) .  
Annealing o f  t h i s  r a d i a t i o n  damage has been observed f o r  t h e  f i r s t  t ime 
i n  shal low homojunction s o l a r  c e l l s .  
repor ted  i n  heteroface, l i q u i d  phase, e p i t a x i a l l y  (LPE) grown c e l l s .  Thermal 
annealing was done i n  a f l o w i n g  n i t rogen  gas ambient a t  room temperatures 
ranging f r o m  125" t o  200" C.  
response were made t o  moni tor  c e l l  performance. 
C. F igure  4 shows the  normal ized s h o r t - c i r c u i t  c u r r e n t  as a f u n c t i o n  o f  
annealing t ime a t  175" and 200" C a f t e r  i r r a d i a t i o n  a t  a f luence o f  1015e-/cm2a 
The c e l l  annealed a t  175' C showed t h e  l a r g e s t  degradat ion a f t e r  i r r a d i a t i o n ,  
t o  81 percent of t he  o r i g i n a l  value. I t  recoverea t o  88 percent  a f t e r  15 hr;  
f u r t h e r  anneal ing t o  40 h r  showed no a d d i t i o n a l  increase. The c e l l  annealea 
a t  ZOOo C e x h i b i t e d  l e s s  i n i t i a l  degradation, t o  85 percent of p r e i r r a d i a t e d  
value, and recovered t o  95 percent  a f t e r  15 hr.  Again, f u r t h e r  anneal ing t o  
40 h r  d i d  no t  increase t h e  response. Normalized maximum power as a func t i on  
o f  anneal ing t ime i s  shown i n  f i g u r e  5. 
the  maximum power f rom 70 t o  76 percent  of p r e i r r a d i a t i o n  values. 
200" C was from 75 t o  90 percent  a f t e r  20 h r  o f  annealing. 
d i d  no t  increase recovery. F '  u re  6 i s  the  spec t ra l  response o f  a c e l l  
i r r a d i a t e d  t o  a f luence o f  IO]! e-/cm2 before  and a f t e r  anneal ing f o r  40 
h r  a t  200' C. 
e n t i r e l y  t o  damage i n  the  base reg ion  of t he  c e l l .  
i s  compat ib le w i t h  the  spec t ra l  response degradat ion seen i n  these c e l l s  as a 
f u n c t i o n  o f  1-MeV f luence ( r e f .  4 ) .  
f rom 1x1013 t o  1x1015 e-/c d . 
o f  10 f S  /cm 5 w i t h  an average degradat ion o f  13.5 percent.  Normalized maximum 
To date, anneal ing nas o n l y  been 
Per iod i c  measurements o f  I - V  and spec t ra l  
No anneal ing was seen a t  125" 
Twenty-five hours a t  175" C ra i sed  
Recovery a t  
Fur ther  anneal ing 
The data i n d i c a t e  t h a t  t h e  l oss  i n  photocurrent  i s  a t t r i b u t a b l e  
The shape o f  t h i s  recovery 
CONCLUSION 
The GaAs shal low homojunction so la r  c e l l s  t e s t e d  show gooa r a d i a t i o n  t o l -  
Annealing o f  r a d i a t i o n  damage has been seen f o r  t h e  f i r s t  t ime i n  
These r e s u l t s  are an e a r l y  i n d i c a t i o n  
erance. 
these c e l l s  a t  temperatures a t  low as 175" C. Spect ra l  response measurements 
i n d i c a t e  t h a t  t h e  observed damage and subsequent anneal ing occurs e n t i r e l y  i n  
the  p-type base reg ion  of t he  c e l l .  
t h a t  VPE-grown, shal low homojunction GaAs s o l a r  c e l l s  have grea t  promise f o r  
use i n  space so la r  ar rays i n  r a d i a t i o n  environments 
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Figure 2. - Normalized short-circuit degradation in GaAs shallow homojunction 
solar cells. 
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